An 84-year-old woman under warfarin therapy, who had undergone mechanical valve replacement 29 months previously, developed coagulation abnormalities after antibiotic treatment for pyelonephritis. Laboratory findings included PT at 47.6 sec, activated thromboplastin time (APTT) at 147 sec, factor V (FV) activity of 4% and FV inhibitor of 8 BU. Although overt bleeding was not observed, administration of prednisolone was started. Her coagulation abnormalities were rapidly normalized. It was later determined that the patient had received bovine thrombin at surgery. The presence of a FV inhibitor should be considered in the differential diagnosis in patients demonstrating an unexpected prolongation of PT under warfarin therapy following surgery.
Introduction
Acquired factor V (FV) inhibitors have been documented since 1955 and about 150 cases with such inhibitors have been reported to date (1, 2) . The most common cause of FV inhibitors is exposure to bovine thrombin which is used for achieving hemostasis particularly in cardiovascular surgery and neurosurgery (2) . Bovine preparations are highly immunogenic, and patients who are treated with them may develop antibodies to bovine thrombin and other coagulation factors such as FV found in these preparations (3) . There is approximately 70% homology between bovine and human coagulation factors, and these antibodies may cross-react with human coagulation factors leading to bleeding complications and/or an abnormal coagulation test (4, 5) . Although a significant portion of the patients with FV inhibitors suffer bleeding complications, many cases are initially recognized because of abnormalities in common screening coagulation test such as in a prolongation of prothrombin time (PT) (2) . Since some of the bleeding episodes are fatal (2) , physicians should recognize this disease well.
We describe a patient with a history of bovine thrombin exposure who underwent mechanical aortic valve replacement and developed acquired FV inhibitor with a marked prolongation of PT under warfarin therapy. Since prolongation of PT is a common abnormality in both over-dose of warfarin and FV inhibitors, a prompt diagnosis of this disease for patients under warfarin therapy may be difficult. In this context, the presence of a FV inhibitor should be considered in the differential diagnosis of patients with an acquired postoperative coagulopathy. The purpose of this report is to present this rare disease and to enlighten physicians.
Case Report
An 84-year-old woman with Alzheimer's disease, congestive heart failure and chronic kidney disease was transferred and admitted to the convalescent ward in our hospital in August 2007 for the purpose of recuperation. She had undergone mechanical aortic valve replacement in April 2007 in another hospital because of aortic valve stenosis and had been under anticoagulation therapy using warfarin. She had no prior personal or family history of bleeding.
The clinical course is illustrated in Fig. 1 . She became feverish because of pyelonephritis in mid-August 2009, and intravenous administration of ceftriaxone was started. Three days later, she was afebrile and prothrombin timeinternational normalized ratio (PT-INR) was 2.38 (PT 20.7 sec) at the dose of 1.75 mg of warfarin. Her inflammatory reaction became almost negative 7 days later and ceftriaxone was stopped. PT-INR was 3.41 (PT 25.2 sec) at the beginning of September and then the dose of warfarin was reduced to 1.5 mg. Two days later, she was symptomless but PT-INR was increased to 10.8 (PT 47.6 sec) and activated thromboplastin time (APTT 147 sec) was also markedly prolonged. Then warfarin was stopped and vitamin K was intravenously administered. In spite of these treatments, PT-INR was not dramatically changed and it fluctuated between 5 and 7. Moreover, administration of fresh frozen plasma (FFP) did not ameliorate PT-INR either. Laboratory findings on early September are summarized in Table 1 . Coagulation studies revealed that PT, APTT and coagulation time were markedly prolonged, but hepaplastin test was normal, suggesting possibly reduced activity of FV. Anti-nuclear antibody was × 40, and anti-cardiolipin β2-glycoprotein I complex antibody was negative (normal range <3.5). Plasma mixing test using a non-incubated mixture of patient and normal plasma (1 : 1) demonstrated that APTT was consid-
F i g u r e 2 . Cr o s s mi x i n g t e s t u t i l i z e d a mi x t u r e o f p a t i e n t a n d n o r ma l p l a s ma a t v a r i o u s r a t i o s a f t e r i n c u b a t i o n f o r 2 h o u r s a t 3 7 ℃. T i t r a t i o n c u r v e i n d i c a t e d n o t d e f i c i e n c y b u t a t y p i c a l p a t t e r n o f e x i s t e n c e o f c o a g u l a t i o n f a c t o r i n h i b i t o r s .

T a b l e 2 . Co a g u l a t i o n F a c t o r As s a y s
September 8 September 16
Factor II 60% 106%
Factor V 4% 61%
Factor VII 59% 98%
Factor VIII 131% >200%
Factor IX 134% 150%
Factor X 54% 104%
Factor XI 123% 120%
Factor XII 55% 73%
Factor XIII 144% 131%
Factor V inhibitor 8 BU 0 BU BU, Bethesda units.
erably corrected. Then mixing test after incubation for 2 hours at 37 with mixtures at various ratios was performed (Fig. 2) . It demonstrated not deficiency but a typical pattern of existence of coagulation factor inhibitors and also suggested that the inhibitors were a delayed type of action. Coagulation factor assays showed a significant decrease in the FV activity ( Table 2 ). The specific inhibitor for FV was also positive ( Table 2) . On the basis of the above findings, she was diagnosed as having coagulation abnormalities induced by a FV inhibitor. At this time, the evidence of bovine thrombin exposure at the cardiac surgery was disclosed by inquiring her surgeons in the previous hospital. Although overt bleeding was not observed, administration of prednisolone (0.8 mg/kg/day) was started on September 9. Coagulation studies revealed remarkable recovery and on September 16, warfarin was restarted together with heparin. Prednisolone was tapered and stopped on September 17. Coagulation factor assays on September 16 showed that FV activity was normalized and an inhibitor for FV was negative ( Table 2 ). After that, warfarin therapy was continued and marked variations of PT-INR were not observed. She was hospitalized for 8 months and an adequate PT-INR level was obtained by 1.5-2 mg of warfarin.
Discussion
The most common cause of FV inhibitors is exposure to bovine thrombin (iatrogenic FV inhibitors). Two-thirds of the reported cases had a history of such exposure (2) . On the other hand, spontaneous FV inhibitors have also been reported and surgical procedures, infections or exposure to antibiotics precede the inhibitor development in these patients (2) . Since the present case had a history of bovine thrombin exposure, it might be an iatrogenic case. However, FV inhibitors emerged 29 months after the exposure, which is quite uncommon. It was reported that bovine thrombinassociated inhibitors emerge a mean of 8.3 days after exposure (2). On the other hand, infection and antibiotic exposure preceded the emergence of inhibitor in the present case, which is a common feature of spontaneous FV inhibitors. These findings indicate that the present case had the features both iatrogenic and spontaneous cases. Since we did not prove the immunoglobulin binding to bovine thrombin or FV in vitro in the present case, it is unknown whether or not bovine thrombin exposure was truly associated with the development of FV inhibitor in this patient. There have been no reports demonstrating that FV inhibitors emerge such a long time after the exposure as in the present case, but it was reported that antibodies against bovine proteins possibly persist for more than 10 years after the exposure (3). In this context, the possibility of this association cannot be denied in our case. It is conceivable that the present case was primed by potent antigen exposure (bovine thrombin), and infection and antibiotics may have been the trigger to induce further activation of the immune system leading to a significant production of antibodies against FV.
Patients with FV inhibitors are diagnosed by an abnormal coagulation test such as a prolongation of PT or APTT performed by chance in the asymptomatic cases. The present case under warfarin therapy with a prolongation of PT was initially diagnosed as warfarin over-dose. Since marked variations of PT-INR are frequently observed in elderly patients under warfarin therapy particularly associated with appetite loss or infections (6), our initial decision seemed to be acceptable. However, in spite of administration of vitamin K or FFP, the coagulation abnormality did not ameliorate, and thus warfarin over-dose could be denied. In addition to these results, the hepaplastin test was normal, suggesting that the coagulopathy was not induced by warfarin but possibly by reduced activity of FV. Then we performed cross-mixing test demonstrating the existence of coagulation factor inhibitors, and at this time upon inquiry with her surgeon, we became aware that she had a history of bovine thrombin exposure 29 months previously. Definitive diagnosis was made by the result of coagulation factor assays and positivity for specific inhibitor for FV.
Although her PT, APTT and coagulation time were markedly prolonged, overt bleeding was not detected. A previous study demonstrated that a significant portion of these patients suffered from bleeding complications (2). Seventy-two percent of the reported cases of spontaneous FV inhibitors suffered bleeding complications with 17 percent of these episodes being fatal. On the other hand, 33 percent of bovine thrombin-induced inhibitor patients developed bleeding, which was fatal in 6 percent. These lines of evidence suggest that spontaneous FV inhibitors appear to be associated with more bleeding and severe bleeding episodes than iatrogenic inhibitors, but the reason for this remains known. On the other hand, some cases were reported to be self-limiting, i.e. inhibitors disappeared without any treatment after several months (2, 7). The management strategy for this disease with evidence including treatment or no treatment, has not been determined to date, therefore we decided to treat her because the mortality of bleeding cases was reported to be high (7). Moreover, she had several comorbidities such as congestive heart failure and chronic kidney disease, suggesting that bleeding may be a fatal complication for her. A previous study demonstrated that coagulation tests such as PT, FV activity or inhibitor titer are of little help in identifying which patients are likely to bleed (2), indicating her probability of bleeding was not estimated. We used prednisolone following the anecdotal treatment experiences of other investigators (2, 8) . We judged that the benefit of prednisolone administration surpassed its drawbacks, but we do not know whether this judgment was correct. In any event, her coagulation abnormalities were rapidly improved after beginning this treatment. However, there is a possibility that this rapid amelioration resulted from not the effect of prednisolone but rather from the self-limiting disease. Streiff and Ness reviewed the treatment of patients with FV inhibitors and recommended steroid therapy as an initial trial because of the higher efficacy of corticosteroids with 74% success (2) . In addition to corticosteroids, cyclosporine A, cytotoxic chemotherapy agents, intravenous immunoglobulins and reduction of antibody titers with plasmapheresis were also reported to be effective for FV inhibitors (9) (10) (11) .
The most important point of the present case is that FV inhibitors emerged after an extremely long period, i.e. 29 months, from the bovine thrombin exposure. As mentioned above, we did not demonstrate a direct association between bovine thrombin exposure and FV inhibitors in the present case, but we could not deny its possibility. If this hypothesis is true, FV inhibitors may develop at any time during lifetime in patients with a history of its exposure. Fortunately, we could know the history of our patient, but confirmation of its exposure can be difficult several years after surgery. Bovine thrombin exposure is common particularly among patients who underwent cardiac surgery including mechanical valve replacement (2) . Patients with a mechanical valve need warfarin therapy throughout lifetime and PT is monitored regularly in order to determine the optimal dose of warfarin. Since a prolongation of PT is a common abnormality in both an over-dose of warfarin and FV inhibitors, prompt and accurate diagnosis of this disease in the patients under warfarin therapy may be difficult. In this context, the presence of FV inhibitors should be considered in the differential diagnosis in any patient with an acquired postoperative coagulopathy, even though several years passed after surgery. Although the number of FV inhibitors reported remains small, a high frequency of developing FV inhibitors after bovine thrombin exposure has been reported. Banninger et al found that 42% of cardiac surgery and 20% of neurosurgery patients developed FV inhibitors after bovine thrombin exposure (12) , suggesting a large number of FV inhibitor cases may be unrecognized. Because some cases develop fatal bleeding, physicians should know this disease well and prompt diagnosis is needed.
In summary, we presented a case with a FV inhibitor, which developed after a long period from exposure to bovine thrombin. Since patients who have undergone mechanical valve replacement may have a history of bovine thrombin exposure, physicians should consider not only over-dose of warfarin but also the possibility of FV inhibitors in these patients with a prolongation of PT. Many FV inhibitor cases are thought to be misdiagnosed, physicians should be alerted to this disease in order to prevent the fatal bleeding comorbidity.
